In wireless OFDM systems, a major cause for signal degradation during transmission is high Peak to Average Power Ratio (PAPR). Selected mapping (SLM) is one efficient technique which reduces the peaks of a signal considerably. One drawback associated with this technique is its computational complexity. The computational complexity is directly related to the complexity of the IFFT block and increases as the number of sub-carriers increases. In this paper, an effort is done to reduce the computational complexity as well as to improve the PAPR performance of the conventional SLM technique. The proposed technique called Partial Selected Mapping in which the IFFT block is divided into smaller blocks and each block is used as a separate SLM block. Partial outputs of all sub-blocks are concatenated to form the final sequence. Simulation results show that the overall computational complexity of the proposed technique is lower than that of the conventional SLM technique with better PAPR performance. A reduction of around 3dB in PAPR performance at CCDF of 10 -3 is achieved.
OFDM and the PAPR issue are discussed. Section 3 gives a complete view on the SLM technique. In Section 4, the proposed algorithm known as the Partial SLM is explored along with simulation results and finally, conclusions are made in Section 5.
OFDM System and PAPR
A typical OFDM system transmitter is shown in Figure. 1 and works as follows: Serial stream of bits {b 0 ,b 1 ,b 2 ,…} are encoded using an encoder such that b i = 0 or 1; for i = 0,1,2,… . The serial bit stream at the output of channel encoder is fed into a serial to parallel converter block that forms an N parallel stream where N represents the number of subcarriers used in the OFDM system. The number of bits entering a particular branch or subcarrier depends on the mapper (i.e. the digital modulation block) which is used after the serial to parallel converter. The number of bits per subcarrier is given by L = log 2 M where M is the constellation size used by the mapper and depends on the modulation scheme being used.
For Quadrature Phase Shift Keying (QPSK) mapper the output is denoted by D = {d 0 , d 1 , … , d N-1 } such that d k can take one of the values from (1,-1, j, -j). Note that throughout the paper, we have used the QPSK mapper. where s(q) are samples for the resultant baseband signal. The output of the IFFT block is the result of summation of various complex sinusoids with varying amplitudes and phases. At some sample points of these sinusoidal signals, constructive summations may occur, resulting in high peaks in the signal. When transmitting high peak signals through a non-linear power amplifier, distortion occurs within the transmitted signal at the output of the amplifier in the form of inter symbol interference (ISI) and out-of-band radiation. Hence, the influence of high peaks is evident at the output of a non-linear power amplifier but the point of occurrence of these peaks is at the output of an IFFT block.
One widely used measures for the power of these peaks is Peak to Average Power Ratio (PAPR) which is mathematically expressed as:
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Here, P(q) represents the instantaneous power and P avg represents the average power of the OFDM signal. Oversampling by a factor of J can be used for better PAPR estimation and to capture peaks in OFDM signals. It has been shown that J = 4 is sufficient to capture the peaks [11] .
Selected Mapping (SLM) Method for PAPR Reduction
In SLM technique as shown in Figure 2 , from a single OFDM sequence D having a length of N, number of sequences are generated that represent the same information using some rotation factors and the sequence with lowest PAPR is transmitted. If the number of generated new sequences is U, called the SLM length, then all these sequences are the result of multiplying the incoming original OFDM sequence D by U different rotation factors. These factors are given in vector form as
where i = 1 to U and represents the indices of these factors and B is the represent the rotation factor in vector form. After multiplying these factors by the original OFDM sequence D, we get: where θ is the angle of rotation. The rotation vectors are used as side information which are transmitted for signal recovery.
The efficiency of SLM approach depends on the amount of scrambling done by these rotation factors on the original OFDM sequence and the length of SLM U. As we increase number of SLM sequences, PAPR performance becomes better but at the expense of increase in system complexity.
Although SLM technique has moderate implementation complexity, this complexity increases as U increases. For this reason, many researchers devoted their work in this field towards improving the complexity computation of conventional SLM [7, 8] .
The complexity of a typical SLM method considering no oversampling (i.e. J = 1) in terms of complexity additions are:
The Proposed Partial SLM Method
In this section, a simple method has been proposed based on the SLM technique called Partial SLM. This method has better PAPR reduction performance than the conventional SLM technique with lower computational complexity. The proposed scheme is shown in Figure. 3 and works as follows: the incoming OFDM sequence D is divided into G number of sub sequences each of length N . Each sub-sequence is fed into an IFFT block of length N and the conventional SLM is applied in each sub-block. Hence Partial SLM is nothing but the conventional SLM but now it is applied in individual sub-block. Precisely, the SLM will be applied G times and for each sub-block, U number of sequences are generated from a single sub-sequence and the one with the lowest PAPR (partially) is selected and stored. The procedure repeats for each sub-block till all sub-blocks are covered. Finally, all partially selected sequences are concatenated to form the final new sequence of length N to be transmitted. Hence instead of using different IFFT blocks of length N each (i.e. one for each SLM sequence), G number of partial SLM blocks is created each of length N . This is where the complexity is reduced as now we have smaller length IFFT sequences. Furthermore, the selection of G is done under the following constraint: , B (2) , B (3) , B (4) used in the conventional SLM are respectively given as: (11) (11) then the four rotation vectors used in each sub-block in the Partial SLM method indicated as for any sub-block v are extracted from B (1) , B (2) , B (3) , B (4) in the following manner respectively shown below such that these new rotation factors are same for all sub-blocks (i.e. v = 1,2): To evaluate the performance of the proposed method, simulations are carried out on a 32 sub-carrier OFDM system with QPSK mapper and by generating around 10,000 OFDM symbols randomly. Figure 4 shows the Complementary Cumulative Distribution Function (CCDF) curves for the normal SLM and the proposed Partial SLM with different number of sub-block divisions G. In this simulation, four rotation factors are used. As it is evident from Figure. 4, conventional SLM resulted in a reduction of around of around 1.5dB at CCDF of 0.001 using only four rotation vectors. Now when Partial SLM is applied using only two subblocks, a considerable reduction in PAPR is achieved of almost 3dB. This is a remarkable reduction compared to the conventional SLM method which clearly shows that our proposed method out performs the conventional SLM technique.
As the number of division factor increases, the performance in PAPR reduction degrades but still it is better than the conventional SLM. Infact, when G = 8, the reduction is almost same as it is the case in conventional SLM. When the division factor is at its maximum i.e. G = 16, the performance degrades considerably and the PAPR reduction is only 0.3dB. Hence, for higher division factor, Partial SLM it is not recommended for PAPR reduction as the reduction in PAPR is not substantial. This is due to the fact that the rotation factor when multiplied by smaller sequences does not scramble the overall sequence and hence produces smaller reduction in PAPR. Since smaller IFFT blocks are used, the computational complexity in terms of complex additions of the proposed method becomes Another aspect which needs to be discussed here is the sideband spectrum of the transmitted signal using conventional SLM technique and the proposed partial SLM technique. Figure 5 compares the original spectrum of the conventional SLM sequences with the new transmitted partial SLM sequences. The Figure shows that there is no spectrum broadening and hence no distortion at the sidebands. In fact, the side spectrums for partial SLM sequences have almost 2 dB less power than the conventional SLM sequences which in turn show the efficiency of the proposed method in terms of power utilization especially for portable devices operated by batteries. This will result in bandwidth efficiency and reduced ISI interference with sidebands of neighboring sequences. Now since the complexity of the proposed system is minimized compared to the complexity of the conventional SLM technique, it would be interesting to compare these results with the work being proposed by authors in [7, 8] . The authors in both papers developed two methods for reducing the computational complexity of the IFFT block based on some matrix conversion technique. The phase rotation vectors used in the modified SLM technique are updated using conversion matrices with variable periods. As claimed by the authors such candidate signals produced by these conversions will have little correlation and can be used to replace the IFFT blocks in the conventional SLM method. Figure 6 shows the first method for SLM modification scheme proposed by authors. The term G in the Figure denoted the rotation factor. Now the number of complex additions for the proposed system is given as:
In a similar manner in the second proposed system by authors in [7, 8] , half portion of this method is same as first one but the other part of it uses a randomly-generated phase rotation vector and an additional IFFT block to create another set of candidate signals, which are also produced by the proposed conversion matrices. Figure 7 shows the second proposed method in which the upper part is the same as the first proposed scheme, but at the lower part is changed. The computational complexity of the second proposed SLM scheme is significantly reduced and it is given as
Finally to complete this topic Table 1 shows the computational complexity of the partial SLM technique for different values of U and N. The complexity reduction is more evident from higher values of U and N. Also not that the allowed values of G should not exceed the value of N as when G = N then it becomes a conventional SLM technique. Figure 8 show a comparison of computational complexities of the work been done by authors in [7, 8] and the proposed partial SLM method. The results are generated for fixed value of N = 256 and varying the values of U. Note that the proposed partial SLM technique out performs the conventional SLM technique in terms of number of complex additions. For instance, for U = 512 SLM sequences, the number of complex additions required by the conventional SLM technique is around more than 1,000,000 additions where is for partial SLM technique with G = 2 requires below 900,000 complex additions. Furthermore as G increases the complexity of partial SLM technique reduces considerably especially for G = 128 which is Low Complexity Partial SLM Technique for PAPR Reduction in OFDM Transmitters around 100,000 only which is more than 10 times less than the conventional SLM technique. Now comparing the complexity result with those techniques propose by authors in [7, 8] , it is obvious that the complexity of both the techniques is less than the proposed partial SLM technique till G = 16. For G = 32 the performance of the techniques proposed by the authors and the partial SLM technique is almost same. Beyond G = 32 (i.e. G = 64, 128) the computational complexity is better than both the proposed techniques by the authors. This does not only show the efficacy of the partial SLM technique in terms of PAPR reduction capability but also its reduced complexity compared to the conventional and some other well renowned techniques being proposed in the past.
Conclusions
SLM technique is a very efficient technique for reducing PAPR. A major disadvantage of this technique is its implementation complexity as the length of SLM and number of subcarriers increase. To handle this problem, a novel technique based on dividing the transmitted sequence into sub sequences and applying the SLM algorithm individually is proposed. Simulation results show that the proposed method outperforms the conventional SLM technique both in terms of PAPR reduction and computational complexity. In fact, the best performance in terms of PAPR occurs when the number of division factor is two with complexity reduction by a factor of approximately 1.2. Furthermore, the complexity of the proposed technique is less than that of some well established technique for PAPR reduction in OFDM systems.
